Preoperative identification of the eloquent brain is important for neurosurgical planning. One common method of finding the motor cortex is by localizing ''the Omega sign.'' No studies have tested the reliability of imaging to identify the Omega sign. We identified 40 recent and consecutive patients who had undergone preoperative functional magnetic resonance imaging for identification of the hand motor area prior to tumor resection. We recruited 11 neurosurgical residents of various levels of training and one board-certified neurosurgeon to identify the hand motor cortex Omega. Testees were given axial images of T2-weighted MRI and placed marks where they expected to find the Omega. Two board-certified radiologists graded and quantified the localization attempts. Inter-rater reliability was assessed using the kappa statistic, and Rao-Scott chi-square tests were used to examine the relationship between clinical factors and testees' experience with correct identification of the Omega sign. The overall correct identification rate was 69.9% (95% CI ¼ 63.4-75.7), ranging from 36.6% to 92.7% among all raters for the tumor side and from 46.2% to 97.4% for the non-tumor side. Anatomic distortion greatly affected correct identification (p < 0.005). Senior residents had a significantly higher rate of identification of the Omega than junior residents (p < 0.001). Overall, inter-rater reliability for the Omega sign is poor, with a Fleiss kappa of 0.23. We concluded that correct identification of the Omega sign is affected by tumor distortion and experience but overall is not reliable. This underscores the limitations of anatomic landmarks and the importance of utilizing multiple scanning planes and preoperative fMRI for appropriate localization.
Introduction
Preoperative identification of eloquent brain structures near intracranial masses is key to minimizing postoperative morbidity after neurological surgery. While functional magnetic resonance imaging (fMRI) and intraoperative electrocorticography are often used, [1] [2] [3] certain structures are identifiable by imaging appearance alone. One such structure, the ''Omega sign,'' is an anatomical landmark visible on axial images and localizes the hand motor cortex (Figure 1 ). 4, 5 Moreover, various studies have identified functions related to complex finger movements to be related to this primary motor area by using fMRI and positronemission tomography. [6] [7] [8] [9] The Omega sign can be identified through a variety of methods, such as by using the parasagittal line, tracking the central sulcus, or identifying the contralateral Omega when there is anatomical distortion. 5, [10] [11] [12] Damage to this anatomic location is known to cause isolated hand weakness, [13] [14] [15] making it an important landmark for not only identifying the hand motor gyrus but also localizing the homunculus.
For the Omega sign to be a useful test for localization of the hand motor cortex, it must be reliable, valid, and practical. No previous studies have specifically looked at the reliability of identifying the Omega sign, as in how well physicians agree on its location. 16 Many factors may affect the identification of the Omega sign, including anatomic variations, distortion by intracranial pathology, interpreter experience, and technical factors related to MRI, and there has been no research to date on how these factors may affect identification.
Our study characterizes factors that affect correct identification of the Omega sign as well as the reliability of identifying this sign.
Materials and methods
This study was approved by our institutional review board. We retrospectively identified the 40 most recent consecutive patients who had undergone preoperative fMRI for identification of the hand motor area prior to tumor resection. Eleven neurosurgical residents of various post-graduate year (PGY) training levels and one board-certified neurosurgery attending were recruited to identify the hand motor cortex Omega sign based on axial T2-weighted images alone. The T2-weighted images ranged from a slice thickness of 2.5 to 5 mm and slice spacing from 2.5 to 7.5 mm. Images classified as ''thick'' had slice thicknesses and spacing of 5 mm or greater. Images classified as ''thin'' had slice thicknesses and spacing of 3 mm or less. Each testee was given a standardized Power Point presentation at one standardized computer station. The Power Point presentation consisted of three introductory images showing canonical examples of the sign. The next 40 slides were screen shots of a 3 Â 4 T2-weighted axial MRI. Figure 2 provides an example of the 3 Â 4 template. Each testee was asked to mark the images bilaterally where they expected to find the Omega sign or to not place a marker on the image if they thought there was no identifiable Omega. Images were used instead of the actual enterprise Picture Archiving and Communications Systems (ePACS) pictures to ensure each person had the same standardized information that could be marked and graded without limiting the ability to use other anatomical landmarks, such as identifying the pars marginalis, relative thickness of the preand post-central gyri, and superior frontal gyrus localization.
After identification, two board-certified radiologists graded the testees' performance; they noted whether the testees accurately identified the Omega or indicated there was no Omega. If the testee identified the incorrect location, the specific location of the incorrect mark was noted and compared to other testees. The neuroradiologists had access to the original MRIs, with all sequences and cuts available, and were able to find the location of the hand motor cortex using all available imaging. For reliability studies, the radiologists quantified the location where the testees identified the Omega sign. Local anatomic distortion due to the presence of a lesion, slice spacing/thickness of the MRI, and correct scan plane along the anterior commissureposterior commissure (AC-PC) line were also noted by the neuroradiologists.
The overall correct identification rate of the expected location of the hand motor cortex was computed with 95% confidence intervals (CIs). Rao-Scott chi-square tests were used to assess the relationship of identification with tumor presence, anatomic distortion, slice/ spacing thickness, scan plane along the AC-PC line, and PGY training level. Fleiss kappa analysis was used to measure inter-rater reliability. Reliability was measured within two frames. The first frame looked only at the agreement of the existence of the Omega (but not the exact location). The second frame looked at all reliability, including consistency of identification of incorrect locations (miss) as well as indicating no Omega. Pairwise comparisons were performed to assess whether differences existed between testees. These tests along with the CIs took into account multiple testees measuring each patient. All testing was conducted at the 0.05 level. All statistical analyses were performed using STATA/SE Version 13 (StataCorp LLC, College Station, TX).
Results
One patient had bilateral tumors, and only three images did not have a recognizable Omega because of the degree of anatomic distortion. The overall correct identification rate was 69.9 % (95% CI ¼ (63.4, 75.7)), ranging from 36.6% to 92.7% among all raters for the tumor side and 46.2% to 97.4% for the non-tumor side. Table 1 contains the correct identification rates by the variables of interest. While the presence of tumor did not necessarily affect correct identification (p ¼ 0.941), the presence of anatomic distortion significantly affected the ability to correctly identify the Omega (78.1% vs 53.6%, p ¼ 0.005). No differences in correct identification were identified regarding slice/ spacing thickness or scan plane along the AC-PC line. Table 2 contains the correct identification rates for PGY1-3 versus PGY5-7. The rates are provided for all measurements and by tumor and non-tumor sides. For all measurements, the identification rates for PGY5-7 were significantly higher than the rates for PGY1-3 (p < 0.001). These results were consistent when examining the tumor side (p ¼ 0.013) and the non-tumor side (p ¼ 0.003). Table 3 reveals the reliability of identification of the Omega. Kappa was consistently low, showing only slight (0.0-0.2) or fair agreement (0.21-0.40). When looking at agreement on only the existence of the Omega, overall kappa was 0.23 (95% CI ¼ 0.17-0.31, p < 0.001) with the tumor side result only slightly better. When looking at agreement within all possible locations, the overall kappa was 0.22 (95% CI ¼ 0.18-0.24, p < 0.001) and did not improve when looking at specific subsets of locations.
Discussion
We observed that correct identification of the Omega sign was not affected by the presence of tumor, the slice thickness of the MRI, or scan plane along the AC-PC line. However, while tumor presence alone did not affect correct identification, anatomic distortion related to the presence of a tumor did cause significant disruption in the ability to localize the Omega sign. These results are expected, given that an anatomical landmark will be more difficult to identify when there is anatomical distortion (Figure 3) . Identification of the Omega sign is also correlated with degree of training-more years of training denote a greater ability to identify the sign.
Our findings showed that the overall reliability of identifying the Omega sign was low, which is surprising, as the Omega sign is one of the key anatomical landmarks used to localize the hand motor cortex, although to date no studies have examined its reliability. Previous studies have shown that fMRI provides a greater adjunct to anatomical localization when trying to identify the sensorimotor cortex or the hand motor cortex. 17, 18 However, those studies are limited because they do not state the number of raters for the sensorimotor cortex, nor has the reliability of anatomical identification of the sensorimotor cortex ever been tested.
Our study is limited by several features. We focused specifically on the Omega sign and did not test other anatomical landmarks that could be used to localize the motor cortex. Our study was not designed to test for motor cortex identification, and so we were unable to draw conclusions about that goal. Our testees were also not given access to the full images, but only pictures; this was established for ease of testing for reliability, as they were able to mark images for reliability testing, which cannot be performed with our ePACS system. However, this did not limit their ability to use other anatomical landmarks for localization of the sensorimotor cortex, including the pars marginalis, relative thickness of the pre-and post-central gyri, and superior frontal gyrus localization. We were also limited by our choice of testees-mainly neurosurgery residents of various levels of training, up to PGY7. We did not test any radiologists. Because of the small sample size of the number of cases with severe anatomic distortion, we were unable to test different levels of anatomic distortions.
Conclusion
While the Omega sign may be a useful anatomic landmark for preoperative localization of the hand motor area, accurate identification of the sign depends on user experience as well as anatomical distortion. We also found that overall agreement of identification of the Omega sign is low. This underscores the limitations of anatomic landmarks and the importance of utilizing multiple scanning planes as well as preoperative fMRI.
